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acid, ploySia），一种唾液酸残基通过 α2-8 键连接而成的线性聚合物，广泛分布于
在哺乳动物神经系统中，它的主要蛋白载体是神经细胞粘附因子（Neural cell 
adhesion molecule , NCAM）。PolySia-NCAM 在细胞迁移、神经突生长、轴突延
伸、突触发生及其可塑性等方面发挥作用，且它的合成主要由多聚唾液酸转移酶
ST8SiaII 和 ST8SiaIV 负责。此外，NG2 细胞和人类 DC 细胞表面也分别检测到
了突触细胞粘附因子 1（Synaptic cell adhesion molecule1 , SynCAM1）和神经纤
毛蛋白-2（Neuropilin-2, NRP-2）的多聚唾液酸化。与多聚唾液酸相比，三聚唾
液酸（triSialic acid, triSia）通常是连接在神经节苷脂上，但是最近的研究表明 triSia
也可以连接在糖蛋白上，可能由 ST8SiaⅢ负责合成，其功能可能与少突胶质细
胞的分化有关。 




研究方法：1.选用 3 日龄（n=3）和 38 日龄（n=3）雄性仔猪为动物模型，
通过 Western Blot 和 Q-PCR 实验方法对其不同脑区（海马、前额叶、顶叶、枕
叶、丘脑、小脑、脑干、杏仁复合体、嗅球）中 polySia、NCAM 和 triSia 的蛋
白表达以及 ST8SiaII、ST8SiaⅢ、ST8SiaIV、NCAM、SyNCAM1、Neuropilin-2 的
mRNA 表达进行检测。2. 设立对照组（n=12）和唾液酸处理组（n=12），从 3
日龄仔猪开始进行唾液酸饮食干预，并在仔猪发育期间使用八臂迷宫实验对其进
行学习能力的训练及测试，对 38 日龄仔猪海马区 polySia 表达量及 NCAM、
SynCAM1、NRP-2 的 mRNA 表达量进行检测，将其和行为学实验指标进行相关
性分析。 
研究结果：在仔猪脑发育过程中，（1）ST8SiaII、ST8SiaⅣ mRNA 的表达
















脑组织中，NCAM-140 蛋白上连接大量 polySia；（3）所有脑组织中 NCAM、
SynCAM1、NRP-2 mRNA 的表达水平都下降，且丘脑中 SynCAM1、NRP-2 mRNA
表达下降的比例远大于 NCAM，小脑中 NCAM、SynCAM1 mRNA 表达下降的
比例远大于NRP-2；（4）仔猪脑中 triSia连接的四条蛋白质分子量分别为 130KD、





结论： 首先，PolySia 、NCAM的蛋白水平以及 ST8SiaII 、ST8SiaⅣ、NCAM、
SynCAM1、NRP-2 的 mRNA 水平在仔猪不同脑组织间表达不同，且随着仔猪脑
发育的进行，表达水平都有下降的趋势。所以 polySia、 NCAM 、ST8SiaII 、
ST8SiaⅣ、 SynCAM1、NRP-2 是仔猪脑发育的重要标记物。其次，仔猪脑中 triSia
连接的四条蛋白质分子量分别为 130KD、100KD、80KD、70KD，且随着仔猪脑
发育的进行，总 triSia 及 ST8SiaⅢ也都有下降的趋势。最后，唾液酸饮食干预显
著提高仔猪 NCAM、SynCAM1 的 mRNA 表达水平，同时也增加了 NRP-2 的



























Backgroud: Sialic acid (Sia) is a family of nine-carbon monosaccharide, 
playing its biological functional roles on the cell surface. In vivo, Sia generally has 
four forms: free sialic acid, poly/oligo sialic acid, sialic acid derivatives 
(glycoproteins, glycolipids). Polysialic acid (polySia), a kind of linear polymer of 
α2,8-glycosidically linked sialic acid residues, widely distributed in the mammalian 
nervous system. The most prominent protein carrier is neural cell adhesion molecule 
(NCAM) , two polysialytransferase named ST8SiaII and ST8SiaIV were shown to be 
capable of producing polySia-NCAM. Moreover, polySia-NCAM plays an important 
role in cell migration, neurite outgrowth, axon extension, synaptogenesis and 
plasticity. The synaptic cell adhesion molecule 1 (SynCAM1) and neuropilin -2 
(NRP-2) which detected on NG2 cells and human DC cell surface were polysialylated 
also. In contrast to polySia, shorter oligomers chains with three Sia residues, which 
named trisialic acid (triSia) which is the common structural unit of gangliosides. 
Recent studies show that triSia is also connected to the glycoprotein and perhaps play 
a similar role in differentiation of oligodendrocyte, ST8SiaⅢ maybe responsible for 
the its synthesis.  
Objectives: (1) Analysis poly/triSia change in development piglets by detecting 
the expression of relevant protein and mRNA in different brain regions. (2) To explore 
the effect of Sia dietary Sia intervention on study and memory of piglets by detecting 
the expression of relevant protein and mRNA. 
Methods: We chose 3-day(n=3) and 38-day(n=3) old male piglets as the animal 
models to analyze the expression of polySia, NCAM and triSia protein levels and 
ST8SiaII, ST8SiaⅢ, ST8SiaIV, NCAM, SynCAM1, Neuropilin-2 mRNA expression 
in different brain regions (hippocampus prefrontal, parietal, occipital lobe, thalamus, 
cerebellum, brainstem, almonds complex, olfactory bulb) by using Western Blot and 
















intervention(control group, n=12, Sia-treatment group, n=12) from 3-day to 38-day 
old. The 8-arm radial maze was used to assess the learning and memory capacity of 
piglets. The expression of polySia protein levels and NCAM、SynCAM1、NRP-2 
mRNA levels in 38-day old piglet’s hippocampus were analyzed. 
Results: During brain development of piglets, (1) ST8SiaII and ST8SiaⅣ 
mRNA expression and polySia expression show a decreasing tendency in all brain 
regions.（2）The expression levels total NCAM protein were decreased, but more 
polySia binding NCAM-140 in parietal lobe, occipital lobe and cerebellum than other 
tissue (3) NCAM、SynCAM1 and NRP-2 mRNA expression were decreased in all 
brain regions. SynCAM1 and NRP-2 mRNA drop rate more than NCAM in thalamus. 
NCAM、SynCAM1 mRNA drop rate more than NRP-2 in cerebellum. (4) In piglets 
brain, protein-conjugated triSia binding to four proteins with the molecular weight of  
130KD, 100KD, 80KD, 70KD. Protein-conjutated triSia and ST8SiaⅢ  mRNA 
expression levels were decreased in all brain regions with piglet’s development.(5) 
PolySia expression and NCAM, SynCAM, NRP-2 mRNA expression in Sia-treatment 
group were higher than that in control group. PolySia、NRP-2 mRNA expression 
levels in hippocampus are negatively correlated with total number of mistakes(found 
accessible milk) in 38 days old piglets. 
Conclusions: First, PolySia、NCAM protein level, and ST8SiaII、ST8SiaⅣ、 
NCAM、SynCAM1、NRP-2 mRNA expression levels in different piglet brain is 
different, and with the brain development, the expression levels have decreased. So 
polySia, NCAM, ST8SiaII, ST8SiaⅣ, SynCAM1, NRP-2 are important markers in 
brain development of piglets. Secondly, four protein molecular weight binding triSia 
in brain are 130KD、100KD、80KD、70KD, and with the brain development, total 
triSia and ST8SiaⅢ  also have a downward trend. Finally, sialic acid dietary 
intervention significantly improved piglet NCAM、SynCAM1 mRNA expression, but 
also increased the NRP-2 mRNA and polySia expression levels, which are negatively 
related with total mistakes. Sialic acid dietary intervention can improve learning 
ability in piglets. 

















Sia Sialic acid 唾液酸 
PolySia 
TriSia     
Polysialic acid 多聚唾液酸 
Trisialic acid 三聚唾液酸 
NCAM Neural cell adhesion molecule 神经细胞粘附分子 
SynCAM1 Synaptic cell adhesion molecule1 突触细胞粘附因子 1 
NRP-2 Neuropilin-2 神经纤毛蛋白-2 
cDNA Complementary Deoxyribonucleic Acid 互补脱氧核糖核酸 
RNA Ribonucleic Acid 核糖核酸 
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Real-time Quantitative PCR 实时荧光定量聚合酶链式反应 
ST8 α-N-acetylneuraminide α-2,8-sialyltransferase II  
多聚唾液酸转移酶 II 
ST8 α-N-acetylneuraminide α-2,8-sialyltransferase Ⅲ 
多聚唾液酸转移酶Ⅲ 
ST8 α-N-acetylneuraminide α-2,8-sialyltransferase IV  
多聚唾液酸转移酶 IV 
Hippocampus 海马区 
Prefrontal lobe 前额叶 
Parietal lobe 顶叶 




Amygdaloid nuclear complex 杏仁复合体 


















70 多年前，Blix 等人[1, 2]在牛颌下腺粘蛋白中发现唾液酸的存在。唾液酸是
一类九碳单糖神经氨酸的总称，在细胞表面发挥其多种生物学功能[3, 4]。 
1.1.1唾液酸的结构 
唾液酸有 3 种常见亚型：a. N-乙酰神经氨酸（N-acetylneuraminic acid, 
Neu5Ac）; b. N-羟乙酰神经氨酸（N-glycolylneuraminic acid, Neu5Gc)；c. 脱氨神
经氨酸（Ketodeoxynonulosonic acid, KDN)（图 1.1.1）。Neu5Ac 在人体中是最
常见的，具有较强的酸性（pKa 值 2.6）。KDN 在人胎儿血红细胞及卵巢癌中存
在[5]。而内源性 Neu5Gc 在人体组织中很难检测到，这是由于约 280 万年前人类
CMAH基因外显子中丢失了 92 对碱基的DNA片段, 而该段DNA编码的氨基酸
序列正是 CMAH 酶活性所需要的关键序列。所以，在正常人体组织中没有
Neu5Gc，而这在人类进化的历史长河中起到关键的作用，是人类与猿类的重要
分化点[6]。不过在人类癌症组织中, 可以检测到 Neu5Gc[7]。 
 
 
图 1.1.1 唾液酸三种亚型的结构示意图[3] 
Figure 1.1.1 Three subtypes structure of sialic acid 
 
1.1.2 唾液酸的多样性 
C-5 的变化决定着唾液酸的核心结构（图 1.1.2），而 C-4，C-7，C-8，和/
或 C-9 连接的 O 被取代（包括乙酰基，甲基，乳酰，硫酸盐，和磷酸盐基团），
进一步使其结构多元化[8, 9]。此外，C-1 羧酸酯可以形成内酯和内酰胺，中和其
电荷。目前，已经确认超过 50 种天然存在的唾液酸结构。有时，唾液酸的多样


















Neu5Gc 上。相反，人类的 Siglec-9 有着相对广泛的特异性，可以识别 Neu5Ac




图 1.1.2 唾液酸的结构多样性[9] 





有少数几个物种有唾液酸的表达。例如神经侵入性细菌（大肠杆菌 K 和 B 群脑
膜炎奈瑟菌）、革兰氏阴性菌等，且通常是严重疾病的病原体[13]。 
唾液酸在中枢神经系统中的含量十分丰富，其中神经细胞膜上的唾液酸含量
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